SEPSIS AND CARDIAC DYSFUNCTION
Incidence of cardiac dysfunction, both right ventricular (RV) and left ventricular (LV), as well as systolic and diastolic, is high among patients with sepsis and septic shock. 1 The term ''septic cardiomyopathy'' is often used to describe the spectrum of cardiac dysfunction associated with clinical effects of sepsis. Although commonly thought to be reversible in most survivors, 2 cardiac dysfunction is associated with overall worse outcome 3 and mortality. The study by Landesberg and colleagues is one of the largest and most important human studies on this subject. For patients with severe sepsis and septic shock, those authors showed that both LV systolic and diastolic dysfunction are associated with significantly higher mortality when present. In experimental animal models of sepsis and in the relatively small available human studies that have explored the pathophysiology of cardiac dysfunction in sepsis, several associated and, likely, causative mechanisms have been described. Among these, notable mechanisms include alterations and dysfunction of cardiac calcium channels, 4 cardiomyocyte damage caused by excessive nitrous oxide, 5 cytokines including IL-1, TNF-alpha and IL-6, 1 oxidative stress 6 and, to some extent, microvascular myocardial ischemia. 7 However, it is worth emphasizing that unlike earlier hypotheses had suggested, decrease in coronary perfusion is usually not seen in sepsis and in fact, there might be an increase in global coronary perfusion. 8 Methodology suggested in the literature regarding diagnosis of myocardial dysfunction in sepsis is inconsistent. 1 Although traditionally ejection fraction is a commonly used measure of LV systolic dysfunction, its relationship with and influence by hemodynamic changes involving preload and afterload in sepsis is complex. This makes LV ejection fraction (LVEF) an unreliable measure of myocardial performance in septic patients. 9 LVEF alone precludes assessment of diastolic and RV dysfunction, which are commonly impaired in patients with sepsis. 3, 10 These limitations have led to more common use of echocardiography with tissue Doppler technique, 11 contrast echocardiography, 12 and strain imaging. 13 These newer techniques, although extensively studied and showing substantial promise for non-septic conditions, lack strong documentation of their effectiveness for evaluation of sepsis. Importantly, current guidelines focus directly on the therapeutic approach to treatment of sepsis rather than on prevention or treatment of the component of ventricular dysfunction in these patients. The present study focuses attention on the cardiac autonomic nervous system, to investigate the occurrence of autonomic dysfunction in the development of cardiac dysfunction in sepsis. Improved understanding of the role of cardiac autonomic dysfunction in the pathophysiology of sepsis may lead to new methods to mitigate the development of ventricular dysfunction and improve outcomes.
AUTONOMIC DYSFUNCTION AND SEPSIS
Exaggerated sympathetic stimulation is a well-established ''fight and flight'' mechanism during any stress, and sepsis is no exception. Adrenergic ''overshoot'' can often arise in critical illnesses and sepsis, resulting in serious detrimental effects beyond any protective effects.
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See related article, pp. 483-491 sepsis, there is a decrease in the re-uptake of the neurotransmitters epinephrine and norepinephrine from the synaptic gap into the presynaptic nerve endings and increase in their secretion into the circulation. 15 This leads to a much slower systemic degradation and much higher serum levels of these neurotransmitters 16 and is predictive of outcome. 17, 18 This effect is further compounded by exogenous use of catecholamines commonly seen in practice for treatment of septic shock patients. 19 High cytokine production during sepsis also leads to down-regulation of adrenergic receptors 20 adding to overall autonomic dysfunction. Among several vital organs, the heart is particularly influenced by sympathetic stimulation and overstimulation during sepsis. This is often evident by tachycardia, inotropy, and lusitropy. In addition to being an important protective mechanism, these effects are thought to be the major source of diastolic dysfunction seen in patients with sepsis and septic shock. 21 Several pathophysiologic mechanisms of systolic dysfunction and direct myocardial damage mentioned above are also thought to directly result from high catecholamine levels in the circulation. 22 
MIBG IMAGING IN CARDIAC DYSFUNCTION
The catecholamine analog, 123 I-metaiodobenzylguanidine (MIBG), provides a noninvasive measure of cardiac sympathetic neural activity. Several studies have demonstrated the role of 123 I-MIBG in predicting outcome in heart failure patients. Most notable among these is the AdreView Myocardial Imaging for Risk Evaluation in Heart Failure (ADMIRE-HF) trial. 23 This prospective study concluded that a heart-to-mediastinum uptake ratio of C1.6 was associated with significantly better outcome among heart failure patients. Several other studies have shown similar results.
123 I-MIBG based imaging is also shown to be helpful in guiding medical and device-based therapy among heart failure patients. 24 Despite extensive, almost all of the literature on utility of 123 I-MIBG-based imaging are gathered from patients with chronic systolic heart failure. Relatively few data for 123 I-MIBG imaging are available for patients with isolated diastolic dysfunction or acute illness-related cardiomyopathy such as septic cardiomyopathy.
25,26

MIBG IMAGING AND SEPSIS: PRESENT STUDY
The present novel and well-designed study addresses the usefulness of 123 I-MIBG imaging in the relatively common but pathophysiologically distinct entity of sepsisinduced cardiomyopathy. Cardiac systolic and diastolic function are assessed by conventional echocardiographic/ Doppler techniques in rodents treated with lipopolysaccharide to induce a sepsis syndrome. MIBG SPECT cardiac adrenergic imaging is then used in a separate group of lipopolysaccharide-administered animals and compared to the results in controls. The results are impressive, consistently suggesting significant difference between control animals and those with lipopolysaccharide-induced sepsis. One limitation, however, is that one group of sepsisinduced rats underwent MIBG imaging and a different group had echocardiography/Doppler assessment of myocardial function. Although both groups showed significant differences when compared to controls, imaging of ventricular function and neural imaging will likely need to be tested in the same group of subjects to prove that autonomic changes seen with 123 I-MIBG imaging correlate with abnormalities in myocardial function tested by conventional echocardiography/Doppler methods. Second, although echocardiographic techniques used to assess systolic function are robust, parameters used to evaluate diastolic function in the present study are limited (E/A ratio only). In addition, diastolic dysfunction is frequently seen in patients with systolic dysfunction and can result in an abnormal E/A ratio. 27 Results of the present study regarding diastolic dysfunction among lipopolysaccharidetreated animals are difficult to interpret without testing animals with pure diastolic dysfunction.
There are several pathophysiologic differences between cardiomyopathies leading to chronic heart failure compared to acute cardiomyopathy induced by sepsis, most important being prolonged overstimulation of post-synaptic adrenergic receptors leading to catabolism and down-regulation of these receptors in chronic cases of heart failure. This down-regulation of receptors forms an important basis for washout rate measured as part of MIBG-based imaging. Although, theoretically, similar washout effects should be seen with increased presynaptic levels of catecholamines due to overall high levels of catecholamines in the circulation (endogenous and exogenous), few studies have been done so far among animal models or human subjects with acute illness (e.g., sepsis). In addition, it is yet to be studied how MIBG-based imaging can help in predicting outcome in a population of patients with sepsis since exogenous catecholamines in this population offer additional competition for norepinephrine analogs such as 123 I-MIBG for receptor binding. Also, sympathetic overstimulation in chronic heart failure may be a phenomenon relatively specific to the heart while sympathetic overstimulation in sepsis affects a wide range of other vital organs as well. This will be an important point to keep in mind when using the heart-tomediastinum ratio for which an assumption is required that ''background'' activity represented by the mediastinal region of interest is not altered by changes in blood flow to other organs. It may be necessary to calculate absolute uptake of 123 I-MIBG in the heart rather than only measure heart activity relative to the mediastinum or other extra-cardiac structures. Lastly, it is well known that the uptake-1 mechanism of norepinephrine re-uptake is the predominant mechanism in humans while in rodents a much higher proportion of uptake-2 mechanism is seen. The authors have explained that this difference likely only strengthens the results of the study and the higher uptake-1 mechanism in humans will make the differences observed among cases and control even more prominent. While this may be true, this can only be proved once tested in human subjects.
FUTURE DIRECTIONS
Critical illness-associated cardiomyopathy, especially sepsis-induced cardiac dysfunction, is an extremely common phenomenon with poor outcome. Extensive studies have been done to understand the underlying mechanisms over the past 6 decades but little is known regarding what can be done to predict outcome and prevent adverse events in this population. To date, most sepsis guidelines focus on direct treatment of infection and associated hemodynamic problems. Myocardial dysfunction is currently seen as a complication of sepsis and sepsis treatment. Some of the vital therapies used in septic patients, including fluid resuscitation and vasopressors, likely contribute to myocardial dysfunction and sympathetic overstimulation in a large proportion of these patients. Techniques like 123 I-MIBG-based imaging and more sophisticated echocardiographic techniques have the potential to help clinicians carefully select patients at higher risk of developing cardiac dysfunction and tailor their vasopressor and inotropic therapy accordingly. Although there are no randomized trials on this subject, several small studies suggest a controversial but potentially beneficial role of adrenergic blocker therapies in septic patients. 28, 29 The role of adrenergic overstimulation in development of myocardial dysfunction in septic patients and the potential role of autonomic modulation in its treatment and prevention require further investigation.
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